The long-term variations of upward terrestrial (E) and downward atmospheric (A) long-wave radiation fluxes above a pine stand in the southern part of the upper Rhine valley plain are analysed based on monthly mean values from 27 years of monitoring.
Introduction
Few long-standing measurements of terrestrial upward E and atmospheric downward A longwave radiation fluxes exist (Garratt and Prata, 1996; Stanhill, 1997; Gilgen et al., 1997) . This fact is astonishing and regrettable, because the atmospheric long-wave radiation flux is a major factor in the investigation of the global greenhouse effect. It should be mentioned, in addition, that the long-wave radiant fluxes at and near the earth's surface are much larger in general than the solar radiant fluxes, as far as the daily averages are concerned. Exceptions can be found in the polar regions in their respective high summer seasons, when the daily mean of the solar radiation is greater than the daily mean of the long-wave radiation fluxes, due to the extended day-lengths of the polar days (Kessler, 1985; Hantel, 1989; Hupfer, 1991) .
At the Hartheim energy balance site (Forstmeteorologische Messstelle Hartheim des Meteorologischen Instituts der Universit€ a at Freiburg) the yearly averages of the downward long-wave radiation flux A ( ¼ 327 W=m 2 ) and of the upward terrestrial long-wave radiation flux E ( ¼ 366 W=m 2 ) are nearly three times higher than the solar radiation flux G ( ¼ 129 W=m 2 ). A further fact should be mentioned. Hitherto, special emphasis has been given to the turbulent fluxes of the energy balance in solving the closure problem of the energy balance equation (Foken, 1998) . But it has been shown (Kessler and Jaeger, 1999) that, related to all energy balance terms, the second most important factor is the long-wave radiation flux loss normalised by means of the global radiation (E-A)=G. For this reason analysing A and E also has to be considered as more important.
The aim of the present paper is to discuss the special aspects of the upward and downward long-wave radiation fluxes above the pine stand surface at Hartheim, based on monthly values of a time series containing over 27 years of measurements.
2. Radiation and energy balance of the pine stand
Radiation flux
To characterise the radiant flux densities (in W=m 2 ) on the horizontal reference plane we use the following symbols: G ¼ global radiation ( ¼ total downward shortwave solar radiation), R ¼ reflected global radiation, A ¼ atmospheric downward long-wave radiation ( ¼ back radiation), E ¼ total of the upward terrestrial long-wave thermal radiation including the atmospheric long-wave radiation reflected at the canopy surface,
Equivalent blackbody radiant temperatures were calculated and compared with air temperatures at the Bremgarten site measured in screens at 2 m level. Thus we are able to compare temperature values which had been measured by means of different methods. From E we can determine the equivalent blackbody radiant temperature T c of the canopy, with Boltzmann constant: T c ¼ ðE=Þ
We define an equivalent blackbody radiant temperature T atm of the atmosphere likewise:
In order to discuss changes in the downward long-wave radiation flux A in connection with other climatic parameters, we used the Å ngstr€ o om formula because the necessary input data of measurements and observation are available at the nearby official climate station Bremgarten (screen air temperature, water vapour pressure and, in addition, hourly observations of cloud amount from the period 1974 to 1991). Keding (1989) has already discussed in detail the application of different formula for the determination of the long-wave downward radiation flux at the Hartheim site. He used hourly values of the different climatic parameters to determine the local coefficients:
With T a ¼ temperature of the air (K), measured at 2 m height;
183 (according to Keding, 1989) ; w ¼ water vapour pressure (hPa) and N ¼ total cloud amount (tenth).
Radiation measurement, calibration, data management
The radiation sensors, fixed to an extending aluminium tower, have always been exposed approximately 2 m above the canopy surface of the pine stand. The radiation fluxes have been measured by means of pyranometers (solarimeters of type Moll-Gorczynski, Kipp and Zonen CM5 and CM6) and by means of pyrradiometers (Schulze-D€ a ake net radiometers). All sensors are ventilated. Each of the up-and downward-facing thermopiles of the Schulze device is calibrated separately in the long-wave and in the short-wave range.
During the 27 years of monitoring 8 pyranometers of the same type and 6 pyrradiometers of the same type were installed. Thus, the sensors were changed every 1-3 years.
Calibration of the sensors was performed either by the manufacturers (Kipp and Zonen, Delft=Netherlands and Dr. Lange, Berlin= Germany) or was kindly done by the former Hamburg observatory of the German Weather Service (Director Dr. F. Kasten). The Lange company in Berlin uses similar calibration routines to those of the Hamburg observatory. Measuring accuracy of the long-wave radiation fluxes is assumed to be ca. 4% (Schmetz et al., 1986) . The lack of an absolute radiation reference related
